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A method of measuring blood clotting ability of a patient. A
known volume of blood is dispensed on a reference disc of
blotter paper, such that at least one reference blotch is formed
on the reference disc. The surface area of the reference blotch
formed on the reference disc, such that a relationship between
the volume of blood and the surface area of the reference
blotch can be obtained. An incision is made at the patient. A
piece of blotter paper to the incision is applied to the incision
to collect blood flowing therefrom, such that at least one
blotch is formed on the piece of blotter paper. The surface area
ofthe blotch formed on the piece of blotter paper is measured.
The volume of the blood absorbed blood by the blotter paper
is calculated according to the relationship between the blood
volume and the surface area of the blotch.
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METHOD OF MEASURING BLEEDING
VOLUME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Not Applicable

STATEMENT RE: FEDERALLY SPONSORED
RESEARCH/DEVELOPMENT

[0002] Not Applicable

BACKGROUND OF THE INVENTION

[0003] The present invention relates in general to a method
of measuring blood clotting ability, that is, the tendency of a
patient to bleed, and more particularly, to a method which
provides accurate quantitative information of blood clotting
ability and bleeding tendency of the patient by precisely
measuring the bleeding volume of the patient.

[0004] Blood clotting is a process by which the blood
coagulates to form solid masses or clots following a wound or
trauma. The ability of blood clotting is typically measured by
a technique known as IVY Bleeding Time named after Mr.
Ivy. The IVY bleeding Time is a widely used test for bleeding
tendency that measures the length of time that bleeding con-
tinues after an incision is made in the forearm of a patient. To
measure the bleeding time of the patient, a round disc of
blotter paper is used. The edge of the disc of blotter paper is
applied tangentially to the incision to absorb the blood by
capillary action. After an interval of 30 seconds, the disc is
rotated to a new contact point so that the small blotches of
blood are distributed around the periphery of the blotter
paper. Typically, the successive blotches of blood become
smaller and smaller. By counting the number of blotches, and
dividing the total number of the blotches by 2, one can derive
the duration of bleeding in minutes. The duration of bleeding
time is normally less than 7 minutes.

[0005] With respect to surgical complications and patient
safety, the duration of bleeding is not as important as the
volume of bleeding. If one could measure the volume of blood
lost during an IVY Bleeding Time, then a much more pow-
erful and clinically relevant predictor of excessive surgical
bleeding would be provided. For example, just prior to sur-
gery, a medical practitioner would be able to assess the prob-
ability that the patient had recently taken an aspirin; and
therefore, the risk of surgical bleeding complications could be
increased.

[0006] Therefore, a substantial need exists in the art to
develop a method for measuring not only the bleeding time,
but also the blood volume of a patient to ensure patient safety
and prevent possible surgical complication.

BRIEF SUMMARY OF THE INVENTION

[0007] Thepresent invention provides a method of measur-
ing blood clotting ability of a patient comprising the follow-
ing step. A known volume of blood is dispensed on a refer-
ence disc of blotter paper, such that at least one reference
blotch is formed on the reference disc. The surface area of the
reference blotch formed on the reference disc is measured,
such that a relationship between the volume of blood and the
surface area of the reference blotch can be obtained. An
incision is made on the patient, and a piece of blotter paper is
applied to the incision to collect blood from the incision, such
that at least one blotch is formed on the piece of blotter paper.
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The surface area of the blotch formed on the piece of blotter
paper is measured. The volume of the blood absorbed by the
blotter paper is calculated according to the relationship
between the blood volume and the surface area of the blotch.
[0008] In one embodiment, a micropipette is used to dis-
pense the known volume of blood on the reference disc. The
steps of applying the piece of blotter paper to the incision and
the step of calculating the blood volume are repeated until the
incision stops bleeding, and the total volume of the blood
collected from the incision can be obtained by adding the
blood volumes of all the blotches. According to specific need,
the bleeding time of the patient may also be counted at the
time when the volume of blood is measured.

[0009] To measure the surface area of the reference blotch,
the image of the reference blotch 1s reprinted on a piece of
paper. A plurality of paper squares each having a unit surface
area is provided. The blotch image is fitted with a first number
of the paper squares, and the first number of paper squares
covers aninterior surface area of the blotch. The blotch image
is further fitted with a second number of paper squares,
wherein the second number of paper squares covers the both
interior surface area and a periphery of the blotch only. An
average of the first and second numbers is obtained. The
average is multiplied with the unit surface area to obtain the
surface area of the blotch image. Preferably, the reference
blotch is magnified by a magnification factor before being
reprinted. Therefore, the surface area of the blotch image has
to be divided by the magnification factor to derive the real
surface of the blotch. The incision is preferably made in the
skin of a forearm of the patient, and the length and depth of the
incision are preferably about 4 mm and about 1 mm, respec-
tively. The piece of blotter paper is preferably tangentially to
the incision.

[0010] To obtain a more precise measurement of the blood
volume and the blood clotting ability of the patient, the step of
measuring the surface area of the reference blotch may further
comprise the following steps. A reference area with a unit
surface area is scanned to obtain a reference image. The
reference image representing the unit surface area is stored
into a memory. The reference blotch is optically scanned and
compared with the reference image, such that the surface area
of the reference blotch can be derived. Similarly, the step of
measuring the surface area of the blotch formed on the piece
of blotter paper also includes scanning the blotch formed on
the piece of blotter paper and comparing the scanned blotch
with the reference image to derive the surface area of the
blotch.

[0011] The present invention further provides an alternate
method of measuring blood clotting ability of a patient, which
comprises the following steps. A known volume of blood is
dispensed around a periphery of a reference disc of blotter
paper, such that various shapes of reference blotches with the
same surface area are formed. This step is repeated by dis-
pensing different volumes of blood on a set of reference discs
of blotter paper. An incision is made on a patient, and a piece
of blotter paper is applied to the incision, such that a plurality
of blotches is formed on the piece of blotter paper. The
blotches formed on the piece of blotter paper are compared
with the reference blotches, such that the surface areas and
blood volumes of the blotches on the piece of blotter paper
can be estimated from the reference blotches matching there-
with. The blood volumes represented by all the blotches
formed on the piece of blotter paper are then added together to
show the total blood volume of the incision. The steps apply-
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ing the piece of blotter paper to adding the blotches are
repeated until the patient stop bleeding from the incision.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These, as well as other features of the present inven-
tion, will become apparent upon reference to the drawings
wherein:

[0013] FIG. 1 comprises a flow chart of a method to obtain
relationship between blood volume and surface area of a
blotch formed of absorbed blood;

[0014] FIG.2comprises aflow chart ofa visual comparison
method for measuring blood clotting ability of a patient; and
[0015] FIG. 3 comprises a flow chart of a computerized
method for measuring blood clotting ability of a patient.

DETAILED DESCRIPTION OF THE INVENTION

[0016] Referring now to the drawings wherein the show-
ings are for purpose of illustrating preferred embodiments of
the present invention only, and not for purposes of limiting the
same. As shown in FIG. 1, the present invention provides a
method for measuring not only the bleed time, but also the
blood volume for a patient, particularly at the time prior to a
surgery.

[0017] To measure the blood volume of a patient, the rela-
tionship between the blood volume and the surface area of
blotches formed of blood on the blotting paper is determined
by the method as shown in FIG. 1. As shown, in step 100, a
micropipette is used to dispense a known volume of blood
onto a piece of standard blotter paper. After the blood is
applied to the blotter paper, the surface area of blotches
formed of the absorbed blood is measured in step 102. Pref-
erably, the blotter paper which absorbs the blood is magnified
by a magnification factor, and the magnified images are cop-
ied or reprinted onto a piece of high-resolution paper in step
104. In steps 106 and 108, a plurality of paper squares with a
known surface area is provided to measure an interior surface
area and an exterior surface area ofthe blotch. In this embodi-
ment, the Euclid method is used to measure the surface area of
the blotches. That is, in step 106, a first number of the paper
squares is used to fit within the blotches. In this step, the first
number of the paper squares fitting within the blotches does
notexceed or cover the boundary or periphery of the blotches,
that is, the surface area covered by the first number of paper
squares is the interior surface area of the blotch, which is
slightly smaller than the real surface area of the blotch. By
multiplying the first number with the surface of each paper
square, the interior surface of the blotch can be obtained. In
step 108, a second number of the paper squares is used to fit
over the blotches. The second number of paper squares does
not only cover the interior surface of the blotches, but also
covers the boundary, that is, the periphery of the blotches.
Therefore, the area covered by the second number of paper
squares represents the exterior surface area of the blotch,
which is slightly larger than the real surface area of the blotch.
The second number is then multiplied with the surface area of
each paper square to obtain the exterior surface area of the
blotch. In step 110, the real surface of the blotch can be
obtained by calculating an average of the interior surface area
and exterior surface is obtained. In step 112, the surface area
of the blotches is obtained by the dividing surface area of the
images of the blotches by the magnification factor. In step
114, the relationship between the blood volume and the sur-
face area of the blotches formed ofthe blood can be obtained.
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For example, one can derive the blood volume represented by
each unit surface area of the blotches formed of the blood.
Empirical data has found that the volume of blood deposited
on the blotting paper has a substantially linear behavior with
respect to the surface area of blotches formed of the blood.
Although this method provides a relatively precise measure-
ment of the surface areas of blotches, it is not a very time-
efficient method. In a routine clinical setting such as a doc-
tor’s office, surgery center or hospital, it would be excessively
time consuming to measure surface areas using a photocopier
and counting small squares on graph paper. Therefore, alter-
nate methods are further provided in the present invention.

[0018] FIG. 2 illustrates the flow chart of an alternate
method for measuring the blood clotting ability of a patient.
As mentioned above, empirical data has found that the vol-
ume of blood absorbed by a blotting paper from an incision of
the patient is substantially linear to the total surface area of the
blotches of absorbed blood along the blotter paper edge.
Therefore, by measuring the surface area of the blotches, the
volume of the blood obtained from the incision can be calcu-
lated. Further, as the blotches collected from the patient are
typically in different shapes, blotches in various shapes are
made with known volume of blood as a reference to compare
with the blotches formed of absorbed blood obtained from the
incision made in the patient.

[0019] As shown in FIG. 2, a micropipette is used to dis-
pense a predetermined volume of blood at various positions
of a periphery of a reference disc. As a result, multiple
blotches in different shapes are formed on the reference disc.
As the blotches are formed of the same amount of blood, the
blotches in various shapes have the same surface area. In step
202, a set of reference discs on which blotches are formed to
represent different blood volumes such as 1, 2, 5, 10, 20, 30,
40 and 50 micro-liters is reproduced by performing the step
200 on a plurality of reference discs. In this manner, different
surface areas of blotches in various shapes are sampled
printed for reference. In step 204, an incision is made in the
skin of the forearm of the patient. Preferably, similarly to the
IVY Bleeding Time Test, the incision is 4 mm long and 1 mm
deep. Simultaneously, a blood pressure tourniquet located on
the arm is pumped to approximately 70 mm of mercury pres-
sure in order to assure a standardized capillary blood pres-
sure. In step 206, a piece of blotter paper is applied to the
incision tangentially to absorb the blood oozing therefrom. As
aresult, a plurality of blotches is formed along the periphery
of the piece of blotter paper. Step 206 is repeated until the
patient stops bleeding. In step 208, the blotches collected in
the blotter paper are then visually compared to the reference
blotches formed on the reference discs. As various shapes of
blotches with various surface areas that represent various
volumes of blood have been obtained, the blood volume of
each blotch formed on the blotter paper can be precisely
estimated in step 208. This method is simple and sufficiently
accurate to detect a grossly abnormal bleeding volume. How-
ever, such visual comparison method is not sufficiently sen-
sitive to detect subtle differences that might be clinically
important.

[0020] FIG. 3 shows acomputerized method for measuring
blood clotting ability for a patient. In step 300, a computer, a
scanner, and a software are provided. The computer includes
a desktop, laptop, palm-pilot computer, for example; and the
software includes commercially available program operative
to precisely analyze and measure surface area of a scanned
image such as Adobe Photoshop or other photo-processing
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programs or applications. The computer comprises at least a
central processing unit and a memory for executing the soft-
ware and storing required information, respectively. In step
302, a reference disc of blotter paper is provided. The refer-
ence disc is placed in a clear or transparent plastic envelope to
protect from personnel or equipment contamination with
blood born pathogens. A part of the reference disc, preferably
the center of the reference disc with a size of 1 cm® is
imprinted and scanned by the scanner in step 304. Thereby, a
relationship between the scanned image and the surface area
of the scanned image is obtained and stored in the memory in
step 306. In step 308, a known volume of blood is applied to
another reference disc of blotter paper, or the reference disc
removed from the plastic envelope, such that a blotch is
formed. The blotch formed on the reference disc is then
scanned by the scanner to obtain the image thereof, and the
blood volume represented by the scanned imageis input to the
computer in step 310. The relationship between the surface
area and the scanned image stored in the memory is retrieved
1o calculate the real surface area of the blotch in step 312.
Thereby, a relationship between the volume of blood and the
scanned image is obtained in stored in the memory in step
314. In step 316, the IVY Bleeding Time Test is performed.
That is, an incision is made at the forearm of the patient, and
the blood of the incision is collected by applying blotter paper
to the incision until the patient stop bleeding. The blood
collected by the blotter paper is then dried to form various
shapes and surface areas of blotches. To avoid personnel and
equipment contamination, similarly, the blotter paper is
placed in clear plastic bags. The blotches are then scanned by
the scanner, and the scanned images of the blotches are input
to the computer in step 318. In step 320, the relationship
between the blood volume and the scanned image is retrieved
from the memory, and the blood volume represented by each
blotch is obtained. In step 322, the total blood volume is
obtained by adding the blood volume represented by each of
the blotches obtained from the incision.

[0021] This disclosure provides exemplary embodiments
of a method of measuring blood clotting ability of a patient.
The scope of this disclosure is not limited by these exemplary
embodiments. Numerous variations, whether explicitly pro-
vided for by the specification or implied by the specification,
such as variations in shape, structure, dimension, type of
material or manufacturing process may be implemented by
one of skill in the art in view of this disclosure.

1-14. (canceled)

15. A method of measuring blood clotting ability of a
patient with a known relationship between a reference surface
area and a reference volume of blood, the method comprising
the steps of:

a) breaking a skin of the patient to induce bleeding;

b) applying a blood of the patient obtained from step a) to
ablotter paper, such that a blotch of the patient’s blood is
formed on the blotter paper;

¢) measuring a surface area of the blotch formed on the
blotter paper in step

b); and

d) determining the blood volume in the blotter paper in
accordance with the known relationship between the
reference surface area and the reference volume of
blood, the determined blood volume being indicative of
the blood clotting ability of the patient.
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16. The method of claim 15 wherein the breaking step a)
comprises the step of making an incision on the patient to
induce bleeding.

17. The method of claim 16 wherein the applying step b)
comprises the step of applying the blotter paper to the incision
to form the blotch of the patient’s blood on the blotter paper.

18. The method of claim 15 wherein the applying step b)
comprises the step of applying a plurality of blotter paper to
the incision until the bleeding of step a) stops to form a
plurality of blotches of the patient’s blood on the plurality of
blotter paper.

19. A method of measuring blood clotting ability of a
patient, the method comprising the steps of:

a) dispensing a known volume of reference blood on a first
blotter paper, such that a reference blotch is formed on
the first blotter paper;

b) measuring a surface area of the reference blotch formed
on the first blotter paper;

¢) obtaining a relationship between the known volume of
reference blood and the surface area of the reference
blotch;

d) breaking a skin of the patient to induce bleeding;

e) applying a blood of the patient obtained from step d) to
a second blotter paper, such that a blotch of the patient’s
blood is formed on the second blotter paper;

) measuring a surface area of the blotch formed on the
second blotter paper; and

g) determining the blood volume in the second blotter
paper in accordance with the obtained relationship
between the surface area of the reference blotch of the
first blotter paper and the known volume of reference
blood, the determined blood volume being indicative of
the blood clotting ability of the patient.

20. The method of claim 19, wherein step (a) further com-
prises using a micropipette to dispense a known volume of
reference blood on the first blotter paper.

21. The method of claim 19, further comprising repeating
steps (e) to () until the patient stops bleeding.

22. The method of claim 21, further comprising adding up
the blood volume of all blotches on all pieces of blotter paper
collected from the incision.

23. The method of claim 19 further comprising the step of
locating a blood pressure tourniquet on an arm of the patient
pumped to a predetermined pressure to assure standardized
capillary blood pressure.

24. A method of aiding a medical personnel to measure a
blood clotting ability of a patient, the method comprising the
steps of:

a) obtaining a relationship between a known volume of
reference blood and a surface area of a reference blotch
formed by the known volume of reference blood;

b) providing the obtained relationship to the medical per-
sonnel; and

¢) advising the medical personnel to perform the following
steps of:

i) breaking a skin of the patient to induce bleeding;

ii) applying ablood of the patient obtained from stepi)to
ablotter paper, such that a blotch of the patient’s blood
is formed on the blotter paper;

iii) measuring a surface area of the blotch formed on the
blotter paper; and

iv) determining the blood volume in the blotter paper in
accordance with the provided relationship in step b),
wherein the determined blood volume is indicative of
the blood clotting ability of the patient.
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